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BELLCOMM. INC. 
1100 Seventeenth Street, N.W. 

S~BJECT: MSC Review of Requirements 

Washington, 0. C. 20036 

DATE: November 6, 1967 

FROM: J. J. Hibbert 
and Expected Performance of 
Communications Systems For the 
Apollo Spacecraft om 25 September 
1967 - Case 320 

MEMORANDUM FOR FILE 

The current requirements and expected performance of 
the communication systems to be carried by the Apollo space- 
craft during lxnar missions were reviewed by representatives 
of MSC for the Apollo Program Director on September 25, 1967, 
in the Management Center at NASA Headquarters. The agenda 
and list of attendees are appended as Attachments (1) and (2). 
Copies of the slides used were distributed to attendees at the 
end of the presentation. However, because of the comprehensive 
nature of the review and its pertinence to those n o t  able to 
a t t e n d  the meeting, this memorandum has been prepared to record 
ma3or conclusions of the review and of the discussions that 
followed. Copies of the presentation slides are also attached. 

Mr. Howard Kyle (MSC/ISD) in his introduction, noted 
that the performance of the spacecraft communication systems 
was based mainly on specified values of the system parameters 
rather than measured values. However, for each mission the 
expected performance will be redetermined using the measured 
parameters for the spacecraft used in the mission. He noted 
that the review updates the results contained in the MSC inter- 
nal note (MSC-EB-R-67-11, "A Performance Analysis of The Apollo 
Unified S-Band Communications System For a Typical Lunar Mission," 
dated May 1, 1967. 

Mr. C. Beers (MSC/FCD) next discussed the operational 
requirements for communications between the CSM, LM, EVA, and 
MSFN (including ARIA and recovery aircraft) on a lunar mission. 
The slides used by Mr. Beers are  included in Attachment 3. 
These show the communications requirements by mission phase 
for a lunar mission and represent the results of a recent re- 
examination of the requirements by MSC. MSC has determined 
that the desirable criterion for voice link performance is 90% 
word intelligibility and this is required for the primary modes; 
70% word intelligibility is the minimum criterion and is used 
for backup modes. Similarly, the desirable bit err r rate (BEF) 
criterion for data transmission is one error in 10-8 bits which 
is required for primayy mcdes and the minimum criterion is one 
error in 10-4 bit which is used for backup modes. 
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Mr. Beers n o t e d  t h a t  t h e r e  had been  a p o t e n t i a l  
per formance  problem d u r i n g  t h e  t r a n s l u n a r  i n j e c t i o n  ( T L I )  
phase w i t h  a r e q u i r e m e n t  f o r  a h i g h  b i t  r a t e  CSM t e l e m e t r y  
mode. T h i s  r e q u i r e m e n t  i s  e a s i l y  m e t  when t h e  CSM h i g h  g a i n  
a n t e n n a  i s  dep loyed  which w i l l  o c c u r  a b o u t  s i x t y  m i n u t e s  a f t e r  
t h e  end of  t h e  i n j e c t i o n  burn a t  a maximum s l a n t  r a n g e  o f  a b o u t  
1 2 , 0 0 0  m i l e s .  U n t i l  t h e  h igh  g a i n  a n t e n n a  becomes a v a i l a b l e ,  
t h e  CSM w i l l  u s e  an omni-antenna e lement  which p r o v i d e s  a c c e p t -  
a b l e  h i g h  b i t  r a t e  t e l e m e t r y  o n l y  o u t  t o  a r a n g e  o f  abou t  1 0 , 0 0 0  
m i l e s  from an  MSFN s t a t i o n  w i t h  a 3 0 '  diameter a n t e n n a .  Beyond 
t h i s  r a n g e ,  i t  w i l l  b e  n e c e s s a r y  t o  u s e  low b i t  r a t e  t e l e m e t r y  
u n t i l  t h e  h i g h  g a i n  a n t e n n a  i s  dep loyed .  T h i s  l a t t e r  method o f  
o p e r a t i o n  has been a c c e p t e d  by MSC as s a t i s f y i n g  t h e i r  r e q u i r e -  
ment s .  

There  w i l l  be some d e g r a d a t i o n  i n  t h e  r e c e p t i o n  of  
h i g h  b i t  r a t e  t e l e m e t r y  f r o m  t h e  s p a c e c r a f t  by t h e  Apol lo  Ranqe 
I n s t r u m e n t a t i o n  a i r c r a f t  (ARIA) a t  a s l a n t  r a n g e  o f  750  mi l e s .  
However, t h e  p r i m a r y  A R I A  f u n c t i o n  i s  v o i c e  r e l a y  and t h e  space -  
c r a f t  A R I A  voice l i n k  bas  a d e a u a t e  marg in .  

Durlng t h e  l u n a r  phase ,  t h e  p r imary  phase mod.i-1.lated (PM) 
communication modes nave t h e  d e s i r e d  pe r fo rmance ,  b u t  t h e  backup 
F?4 nodes  f o r  b o t h  t h e  LM and CSY ( u s t ~ g  tE7e omni-antennas)  are 
m a r g i n a l  i f  b o t h  v o i c e  and low b i t  r a t e  t e l e m e t r y  a re  r e q u i r e d  
s i m u l t a n e o u s l y .  E i t h e r  v o i c e  or t e l e m e t r y  can  b e  r e c e i v e d  s e p -  
a r a t e l y  w i t h  a c c e p t a b l e  marg ins .  The  f r e q u e n c y  modu la t ion  (FM) 
da t a  and v o i c e  dumpmodesfrom t h e  CSM a r e  t h e  o n l y  p r imary  USB 
communication modes t h a t  have a per formance  d e f i c i t  f o r  w o r s t  
c a s e  v a l u e s  of  t h e  s p e c i f i e d  p a r a m e t e r s .  The c a l c u l a t e d  d e f i c i t  
i s  1 . 4  db as i s  shown i n  t h e  s l i d e s  used  by Mr. R .  W. Moorehead 
(MSC/ISD) which a re  c o n t a i n e d  i n  Attachment  4. N r .  Noorehead 
n o t e d  t h a t  t h e  per formance  margin  c o u l d  be impi-oved b y  (1) i n -  
c r e a s e d  power from t h e  CSM power a m p l i f i e r s  (2) r educed  CSM c a b l e  
l o s s e s  and ( 3 )  a n  i n c r e a s e d  MSFN 85-foot  a n t e n n a  g a i n .  I n  p a r -  
t i c u l a r ,  t h e  CSM power a m y l i f l e r c ;  have been  e x c e e d i n g  t h e i r  
s p e c i f i e d  power o u t p u t  by about  0 . 5  db  and r e c e n t  measurements  
of t h e  g a i n  of  one MSFM 85-foot  a n t e n n a  u s i n g  a Lunar O r b i t e r  
a t  t h e  moon a s  a s o u r c e  i n d i c a t e  t h a t  t h e  minimum g a i n  i s  a b o u t  
1 db g r e a t e r  t h a n  t he  p r e s e n t l y  s p e c i f i e d  minimum v a l u e .  

Mr. Moorehead s t a t e d  t h a t  t h e  t h e o r e t i c a l  per formance  
f i g u r e s  p r e s e n t e d  do n o t  i n c l u d e  d e g r a d a t i o n  caused  b y  (1) i n c i -  
d e n t a l  phase  modu la t ion  (IPM), ( 2 )  f i n i t e  t r a n s m i t t e d  s i g n a l - t o -  
n o i s e  r a t i o s  o r  ( 3 )  t o l e r a n c e s  i n  modu la t ion  i n d i c e s .  The ameli-  
o r a t i o n  of t h e  e f f e c t s  o f  t h e s e  s o u r c e s  of degraf i -a t ion i s  unde r  
c o n t i n u e d  i n v e s t i g a t i o n .  

M r .  Moorehead a l s o  n o t e d  t h a t  t h e  FM demodu la to r s  i n  
t h e  MSFN ground r e c e i v e r s  a t  t h e  E l e c t r o n i c  T e s t  F a c i l i t y  (MSC) 
r e q u i r e d  from 0 .5  db t o  2 . 5  db more i n p u t  s i g n a l  t h a n  t h e  s p e c i f i e d  
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input signal of 8.0 db to btain a voice intelligibility of 70% 
or a bit errfir rate of IO-' in the output signal. 
(GSFC) confirmed this observation, stating that some FM demodu- 
lation in their USB training station at GSFC had been found to 
be out of alignment. GSFC will check the alignment of all the 
FM demodulators at the MSFN stations, in order to insure that 
the FM demodulators meet their specified performance. 

Mr. P. Varson 

Nr. Moorehead pointed out that additional measured 
performance data on the MSFN station parameters were needed to 
predict USB system performance more accurately. Moreover, cer- 
tain parameters (see Attachment 4) are not yet included in the 
Performance and Interface Specifications. There was a general 
discussion of the desirability of a Performance and Interface 
Specification for the MSFN which would state a minimum perforx- 
ance for each station. Mr. C. Beers (MSC/FCP) noted that this 
would remove a current constraint on mission planning which 
makes it necessary to assume only the minimum performance for 
all MSFN sites. SSFC cbserved that generating a P&I specifi- 
cation for each VSFN station would be a l o t  of work and would 
be time variahlz. After the discussion, it was the consensus 
that GSFC should obtain performance data for each ?/ISFN station 
and transmit it to MSC. E4r .  C. Truzynski (OTPA) suggested tbat 
after the MSFN station data becomes available, changes in the 
specification values for the NSFN stations be considered. This 
will be more appropriate after flight data on some of the early 
test missions is obtained. 

Mr. n. Eggers (MSC/IESD) reviewed the current plans 
for modifying the LM steerable antenna to permit continuous 
communications with the Earth during the lunar descent phase. 
He also described the additional qualification testing planned 
for the CSM hieh gain antenna to eliminate failures that had 
occurred in the earlier aualification tests (see Attachment 5). 
MSC is also investigating methods of reducing the jitter of the 
LM and CSM steerable antennas when they are automatically track- 
ing a modulated up-link. The probable solution is the use of 
reduced up-link modulation indices. 

Mr. R. Dietz (MSC/IESD) discussed current problem areas 
and changes in the LM and CSM communicaticn systems (see Attach- 
ment 6). These problems are receiving intensive attention and 
their prognosis is favorable. 

of the VHF links used by the LM, CSM and EVA. He commented 
that the computed performance (see Attachment 7 )  revealed no 
major problems. The VHF performance is not adequate at maximun! 

Mr. Howard Kyle (MSC/ISD) then reviewed the performance 
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range between the CPI bseaccns and the recovery aircraft using 
its secondary receiver (which has no preamplifiers), but this 
was expected. 

Mr. Kyle summarized the MSC presenta,tion as follows: 

a. Based on the operational requirements as presented, 
all primary real-time modes are predicted to be 
satisfactory . 

b. The contingency modes, to be used in event of loss 
of the CSM or LM high gain antennas, will not pro- 
vide simultaneous voice and. telemetry. 

C. The CSM FY xodes, with playback voice and telemetry, 
are predicted to be negative. 

d. Other problems, including spacecraft antenna trackin? 
errors, degradation due to incidental phase modulation, 
interference of backup voice to PCM, LM PCY bit trans- 
ition density, are recognized and solutions are avail- 
able or are being act iveljy pilrsuec? * 

Conclusions 

Although no detailed action items were assigned at 
this review, several general actions were requested by the 
Apollo Program Director, namely: 

MSC and GSFC should keep each other informed in 
real time of the status of the spacecraft and 
MSFN station nerformance parameters. 

GSFC should continue their collection of perform- 
ance data for each NSFN station for early trans- 
mission to PlSC. 

The performance of all communication elements should 
at least. h e  brought up to their specified values. 

If experience indicated that measured performance 
values were consistently different from the specifi- 
cation values, changes in the specification should 
be made. 

If adequate performance to satisfy an operational 
requirement for communications is difficult t o  
attain, the basis for the requirement and alternate 
methods of operation should be evaluated before an 
expensive and lengthy modification of equipment 
is undertaken. The requirement for simultaneous 



I 

I 

BELLCOMM, INC. -5- 

v o i c e  and t e l e m e t r y  a t  l u n a r  d i s t a n c e  u s i n g  t h e  
omni a n t e n n a s  i s  an example o f  such  a r e q u i r e m e n t .  

( 6 )  MSC and GSFC's p l a n n e d  a t t a c k  on t h e  LM PCM b i t  
t r a n s i t i o n  problem s h o u l d  b e  e x p e d i t e d  t o  o b t a i n  
a s o l u t i o n .  The  r a t i o n a l e  f o r  t h e  s o l u t i o n  s h o u l d  
b e  f u l l y  documented (MSC/ISD). 

( 7 )  Any changes  t h a t  a f f e c t e d  t h e  equipment  f o r  t h e  
LM o r  CSM s h o u l d  b e  made known to t h e  A p o l l o  
Program D i r e c t o r  a s  soon  as p o s s i b l e .  Such changes  
s h o u l d  b e  k e p t  t c  a minimum. 

( 8 )  The r e q u i r e m e n t  f o r  t e l e v i s i o n  f o r  t h e  l u n a r  
m i s s i o n s  w i l l  b e  r ev iewed  by GMSF. 

(9) A s u f f i c i e n t l y  l a r g e  number o f  problems s t i l l  
e x i s t  i n  t h e  conmunica t ions  a r e a  t h a t  c o n t i n u e d  
p r e s s u r e  must b e  m a i n t a i n e d  to f i n d  a c c e p t a b l e  
s o l u t i : , n s .  

I n  c o n c l u d i n g  t h e  r e v i e w ,  Maj. Gen. S. C .  P h i l l i p s  
complimented t h e  s p e a k e r s  on t h e i r  p r e s e n t a t i o n s  which he 
6 e s c r i b e d  as ' ' 3  v e r y  u s e f u l  s e t  o f  b r i e f i n z s . "  

2034-JJH-ew '3 . ' I  J .  H i b b e r t  

A t t achmen t s  1-7 
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ATTACHMENT I 

MSC APOLLO COMMUNICATIONS REVIEW 

2 5  September  1967 

L i s t  o f  A t t e n d e e s  

OYSF 

NAME 

W. B .  A l l e n  
B .  P o r t e r  Brown 
G .  P .  Chand le r  
C .  W. C h i l d s  
T .  G .  E l w e l l  

S .  W .  Fordyce  
J .  K .  Holcomb 
W .  J .  Hymes 
T,, B .  James 
A .  W. Kinny 
C .  M .  Lee 
D.  G .  Luke 
J .  T .  McClanahan 
W .  E .  Mi l le r  

J .  P .  No lan ,  Jr. 
Maj. Gen. S .  C .  P h i l l i p s  
L .  M .  Robinson 
J .  D .  S t e v e n s o n  
G .  M .  T rwszynsk i  
I .  Mason 

Goddard %ace  F l i g h t  C e n t e r  

CODE 

MOR 

MOR 

MAOP 

MOR 

MOR 

MLA 

M A 0  

MOR 

MA 

MOA 

MA 

MOR 

MOR 

MOG 

MOA 

MA 

@TDA/TS 
MO 

OTDA/TD 
MOG 

NAME 

D .  A .  D a l t o n  
W .  A .  D e n t e l  
J .  J .  Donegan 
R .  H .  Newman 
R .  L .  Owen 
B .  W .  Re ich  
J .  P .  Shaughnessy 

CODE 

MFED 
MFED 
MFPAD 
MFPAD 
MFOD 

523 
MFPAD 
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G S F C  (Cont  'd) 

C O D E  

R. C .  Taylor 
P.  Varson 
C .  R o b e r t s  

M F E D  

MFSO 

M a r s h a l l  & a c e  F l i g h t  C e n t e r  
MAME 

T .  A .  Barr  

Ann R .  McNair 

Manned S p a c e c r a f t  C e n t e r  
NAME 

K .  J .  A l l e n  
C .  A .  3 e e r s  
R .  E. D i e t z  
D .  S .  2ZF;ex-s 

E .  L .  i1e i th  
M. G .  XinEsley  
M .  R. Luse 
R .  Id. Yoorehead 
P .  H .  Vavra  
M .  McKenzie 
L .  Packham 

- 

Bellcomm. I n c .  
NAME 

A .  P .  Boysen,  J r .  
J .  J .  H i b b e r t  

J .  Z .  Menard 
J .  T .  R a l e i g h  
R .  D .  Raymond 
R .  L .  S e l d e n  
P .  F. Sennewald 

C O D E  

R - A S T R - I R  

I--MO-R 

C O D E  

F O D - F S D  

F C D  

I E S D  

I E S D  

OSRO 
I E S D  

I E S D  

I S D  

I S D  

A S P 0  

I E S D  

R .  I,. Wagner 
A .  G .  Weygand 



Attachment  2 

APOLLO COMMUNICATIONS REVIEW BY MSC 

1:OO PM, September  2 5 ,  1967 

Management C e n t e r ,  FOB 10B 

I. I n t r o d u c t i o n  H .  C .  Kyle - ISD 

11. O p e r a t i o n a l  Requi rements  C .  A .  Beers - FCD 

111. USB Sys tem Pe r fo rmance  R .  W .  Moorehead - ISD 

I V .  USB Sys tem Problems 
( a n d  e f f o r t s  t o  s o l v e )  

R .  W .  Moorehead - ISD 

V. S p a c e c r a f t  Equipment S t a t u s  D .  E g g e r s  - IESD 
and Problems R .  H .  D i e t z  - IESD 

V I .  VHF Sys tem Pe r fo rmance  and  H .  C .  Kyle - ISD 
Problems 

V I I .  Summary 2 .  z. Kyvie - ISE 
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BELLCOMM. I N C .  
1100 Seventeenth Street, N.W. 

SUBJECT: MSC Review of Requirements and DATE: November 6, 1967 

Washington, 0. C. 20036 

Expected Performance of Communi- 
cations Systems For the Apollo 
Spacecraft on 25 September 1967 
Case 3 2 0  

FROM: J. J. Hibbert 

ABSTRACT 

The current requirements and expected performance 
of the communication systems to be carried by the Apollo 
spacecraft during lunar mizsions were reviewed by represent- 
atives of MSC for the Apollo Program Director on September 25, 
1967. This memorandum records major conclusions of the review 
and of the discussions that followed. Copies of the present- 
ation slides are also attached. 


